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3 
ɊȿɎȿɊȺɌ 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɏɨɪɦɢɪɨɜɚɧɢɟ 
ɩɟɪɫɨɧɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɟɞɥɨɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɥɢɱɧɵɯ ɩɪɟɞɩɨɱɬɟɧɢɣ ɤɥɢɟɧɬɚ» 
ɫɨɞɟɪɠɢɬ 24 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 13 ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ, 7 
ɢɥɥɸɫɬɪɚɰɢɣ, 2 ɬɚɛɥɢɰɵ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɥɥɚɛɨɪɚɬɢɜɧɚɹ ɮɢɥɶɬɪɚɰɢɹ, ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɚɹ 
ɫɢɫɬɟɦɚ, ɫɢɧɝɭɥɹɪɧɨɟ ɪɚɡɥɨɠɟɧɢɟ, user-based, item-based. 
Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɩɪɨɮɢɥɶ ɩɨɥɶɡɨɜɚɬɟɥɹ. 
ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɪɚɡɪɚɛɨɬɤɚ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, 
ɩɨɡɜɨɥɹɸɳɟɣ ɩɨɥɭɱɚɬɶ ɩɟɪɫɨɧɚɥɢɡɢɪɨɜɚɧɧɵɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɮɢɥɶɦɨɜ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧɨ ɢɡɭɱɟɧɢɟ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ 
ɫɢɫɬɟɦ, ɢɡɭɱɟɧɚ ɥɢɬɟɪɚɬɭɪɚ ɩɨ ɞɚɧɧɨɣ ɬɟɦɵ, ɪɚɫɫɦɨɬɪɟɧɵ ɚɥɝɨɪɢɬɦɵ 
ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ. 
ȼ ɢɬɨɝɟ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɫɪɚɜɧɟɧɢɟ ɦɟɬɨɞɨɜ ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 
ɜ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ. 
4 
ȼȼȿȾȿɇɂȿ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɢɧɬɟɪɧɟɬɟ ɩɨɥɶɡɨɜɚɬɟɥɶ ɨɛɪɚɛɚɬɵɜɚɟɬ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ, ɢ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ ɩɨɦɨɝɚɸɬ 
ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɜ ɞɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɉɨɥɶɡɨɜɚɬɟɥɢ ɧɟ 
ɫɩɨɫɨɛɧɵ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɜɫɸ ɢɧɮɨɪɦɚɰɢɸ, ɤɨɬɨɪɵɟ ɦɨɠɟɬ ɟɝɨ 
ɡɚɢɧɬɟɪɟɫɨɜɚɬɶ. Ⱦɥɹ ɷɬɨɝɨ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ, 
ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ ɜ ɤɨɪɨɬɤɢɟ 
ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ. Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɩɨɥɶɡɨɜɚɬɟɥɸ 
ɩɟɪɫɨɧɚɥɢɡɢɪɨɜɚɧɧɭɸ ɪɟɤɨɦɟɧɞɚɰɢɸ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ 
ɪɟɤɨɦɟɧɞɚɰɢɢ, ɫɢɫɬɟɦɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɩɨɥɶɡɨɜɚɬɟɥɟ. 
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɨɮɢɥɢ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, 
ɤɨɬɨɪɵɟ ɩɨɥɶɡɨɜɚɬɟɥɶ ɡɚɩɨɥɧɹɟɬ ɩɪɢ ɪɟɝɢɫɬɪɚɰɢɢ ɜ ɩɪɢɥɨɠɟɧɢɢ. ɉɪɨɮɢɥɶ 
ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ: 
1. Ɏɚɦɢɥɢɹ, ɢɦɹ; 
2. ɉɨɥ; 
3. ȼɨɡɪɚɫɬ; 
4. Ɋɟɣɬɢɧɝ ɤ ɮɢɥɶɦɚɦ (ɧɟ ɦɟɧɟɟ 20). 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɛɚɡɨɜɭɸ ɢɧɮɨɪɦɚɰɢɸ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ 
ɪɟɤɨɦɟɧɞɚɰɢɸ ɩɨɥɶɡɨɜɚɬɟɥɸ. 
ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞɨɥɨɝɢɹ ɫɨɡɞɚɧɢɹ 
ɪɟɤɨɦɟɧɞɚɰɢɣ. Ɋɚɡɥɢɱɧɵɟ ɩɨɞɯɨɞɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɪɟɤɨɦɟɧɞɚɰɢɣ, ɚɥɝɨɪɢɬɦɵ ɢ 
ɦɟɬɨɞɵ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬ 
ɢɫɫɥɟɞɨɜɚɧɢɹ. 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ  
ɮɢɥɶɦɨɜ. 
Ɂɚɞɚɱɢ 
1. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ 
ɪɟɤɨɦɟɧɞɚɰɢɣ; 
2. Ɋɚɡɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ ɞɥɹ ɮɢɥɶɦɨɜ. 
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1 Ɋɟɤɨɦɟɧɞɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ 
 
Ɋɟɤɨɦɟɧɞɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ [1] — ɫɢɫɬɟɦɵ ɚɧɚɥɢɡɢɪɭɸɳɢɟ ɢɧɬɟɪɟɫɵ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ ɩɵɬɚɸɳɢɟɫɹ ɫɞɟɥɚɬɶ ɩɪɨɝɧɨɡ ɨ ɬɨɦ, ɱɬɨ ɢɦɟɧɧɨ ɛɭɞɟɬ 
ɢɧɬɟɪɟɫɧɨ ɞɥɹ ɚɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ. 
Ɋɟɤɨɦɟɧɞɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɩɨɦɨɝɚɸɬ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɪɚɡɛɢɪɚɬɶɫɹ ɜ 
ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢɧɮɨɪɦɚɰɢɢ, ɧɚ ɫɚɣɬɚɯ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɪɟɫɭɪɫ 
ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ, ɞɚɧɧɚɹ ɮɭɧɤɰɢɹ ɹɜɥɹɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ. Ʉ ɩɪɢɦɟɪɭ, ɫɚɣɬɟ IMDb ɧɚ ɞɚɧɧɨɦ ɫɚɣɬɟ ɪɚɡɦɟɳɟɧɨ ɨɤɨɥɨ 
ɱɟɬɵɪɟɯ ɦɢɥɥɢɨɧɨɜ ɮɢɥɶɦɨɦ ɢ ɬɟɥɟɫɟɪɢɚɥɨɜ. ɉɨɥɶɡɨɜɚɬɟɥɶ ɧɟ ɫɦɨɠɟɬ 
ɩɪɨɫɦɨɬɪɟɬɶ ɜɫɟ ɱɬɨ ɟɫɬɶ ɧɚ ɫɚɣɬɟ, ɩɨɷɬɨɦɭ ɩɨɢɫɤ ɧɨɜɵɯ ɮɢɥɶɦɨɜ ɩɨɥɶɡɨɜɚɬɟɥɢ 
ɩɪɨɢɡɜɨɞɹɬ, ɧɚ ɨɫɧɨɜɟ ɪɟɤɨɦɟɧɞɚɰɢɣ. 
1.1 ɉɪɢɦɟɪɵ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ 
1.1.1 Ɋɟɤɨɦɟɧɞɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɩɪɢɡɧɚɤɨɜ ɨɩɢɫɚɧɢɣ 
 
ȼ Ɋɋ ɧɚ ɨɫɧɨɜɟ ɩɪɢɡɧɚɤɨɜ ɨɩɢɫɚɧɢɹ  ɡɚɤɥɸɱɟɧɢɟ ɨ ɩɨɥɟɡɧɨɫɬɢ p(u,i) 
ɨɛɴɟɤɬɚ i  ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ u ɩɪɨɢɡɜɨɞɢɬɫɹ, ɢɡ ɧɭɠɧɨɫɬɢ 
ɨɛɴɟɤɬɚ 
ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ. Ɍɚɤ ɜ Ɋɋ, ɞɥɹ ɪɟɤɨɦɟɧɞɚɰɢɢ ɮɢɥɶɦɚ ɩɨɥɶɡɨɜɚɬɟɥɸ, ɫɢɫɬɟɦɚ 
ɩɵɬɚɟɬɫɹ ɧɚɣɬɢ ɫɯɨɞɫɬɜɨ ɦɟɠɞɭ ɮɢɥɶɦɚɦɢ, ɤɨɬɨɪɵɟ ɯɨɪɨɲɨ ɨɰɟɧɢɥ 
ɩɨɥɶɡɨɜɚɬɟɥɶ ɪɚɧɟɟ, ɢ ɮɢɥɶɦɵ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɶɸ ɫɯɨɠɟɫɬɢ ɫ 
ɢɧɬɟɪɟɫɚɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹ ɛɭɞɭɬ, ɪɟɤɨɦɟɧɞɨɜɚɧɵ. Ⱦɚɧɧɵɣ ɜɢɞ Ɋɋ ɪɚɛɨɬɚɟɬ ɧɚ 
ɦɟɬɨɞɚɯ ɚɧɚɥɢɡɚ ɢ ɩɨɢɫɤɚ ɢɧɮɨɪɦɚɰɢɢ, ɢɡ-ɡɚ ɷɬɨɝɨ ɬɚɤɢɟ Ɋɋ ɪɚɛɨɬɚɸɬ ɫ 
ɨɛɴɟɤɬɚɦɢ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɬɟɤɫɬɨɜɭɸ ɢɧɮɨɪɦɚɰɢɸ. Ɍɚɤɠɟ ɢɧɮɨɪɦɚɰɢɹ 
ɛɟɪɟɬɫɹ ɢɡ ɩɪɨɮɢɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɢɧɮɨɪɦɚɰɢɹ ɞɥɹ ɩɪɨɮɢɥɹ ɡɚɩɨɥɧɹɟɬɫɹ, ɱɟɪɟɡ 
ɨɩɪɨɫɵ ɢ ɚɧɤɟɬɵ ɢɥɢ ɤɨɫɜɟɧɧɨ — ɱɟɪɟɡ ɚɧɚɥɢɡ ɞɟɣɫɬɜɢɣ ɩɨɥɶɡɨɜɚɬɟɥɹ. 
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Ʉɪɨɦɟ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɟɫɬɶ ɢ ɞɪɭɝɢɟ ɦɟɬɨɞɵ: 
1. Ȼɚɣɟɫɨɜ ɤɥɚɫɫɢɮɢɤɚɬɨɪ; 
2. Ⱦɟɪɟɜɶɹ ɪɟɲɟɧɢɣ; 
3. ɂɫɤɭɫɫɬɜɟɧɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ. 
Ⱦɚɧɧɵɟ ɦɟɬɨɞɵ ɨɬɥɢɱɚɸɬɫɹ, ɬɚɤ ɤɚɤ ɨɧɢ ɞɟɥɚɸɬ ɩɪɟɞɫɤɚɡɚɧɢɹ 
ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɪɨɲɥɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɚɧɚɥɢɡɟ ɢ ɦɚɲɢɧɧɨɦ 
ɨɛɭɱɟɧɢɢ. 
Ɉɞɧɨɣ ɢɡ ɩɪɨɛɥɟɦ Ɋɋ ɬɚɤɨɝɨ ɬɢɩɚ ɹɜɥɹɸɬɫɹ ɭɡɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ, ɬɚɤ ɤɚɤ 
ɫɢɫɬɟɦɵ ɪɟɤɨɦɟɧɞɭɸɬ ɬɟ ɨɛɴɟɤɬɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɤɨɬɨɪɵɯ ɫɯɨɠɢ ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜ ɩɪɨɮɢɥɟ ɩɨɬɪɟɛɢɬɟɥɹ. ɇɚɩɪɢɦɟɪ, ɩɨɥɶɡɨɜɚɬɟɥɶ, ɤɨɬɨɪɵɣ 
ɨɰɟɧɢɜɚɥ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɦɟɞɢɣɧɵɯ ɮɢɥɶɦɨɜ, ɧɢɤɨɝɞɚ ɧɟ ɩɨɥɭɱɢɬ 
ɪɟɤɨɦɟɧɞɚɰɢɸ ɧɚ ɞɚɠɟ ɧɚ ɫɚɦɵɣ ɢɡɜɟɫɬɧɵɣ ɞɟɬɟɤɬɢɜɧɵɣ ɮɢɥɶɦ. Ⱦɥɹ ɪɟɲɟɧɢɹ 
ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ, ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɮɚɤɬɨɪ ɫɥɭɱɚɣɧɨɫɬɢ. Ⱦɪɭɝɨɣ ɩɪɨɛɥɟɦɨɣ 
ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɜɚ ɪɚɡɧɵɯ ɨɛɴɟɤɬɚ, ɫ ɨɞɢɧɚɤɨɜɵɦ ɫɩɢɫɤɨɦ ɫɜɨɣɫɬɜ, 
ɧɟɜɨɡɦɨɠɧɨ ɨɬɥɢɱɢɬɶ. 
1.1.2 Ɋɟɤɨɦɟɧɞɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 
 
Ʉɨɥɥɚɛɨɪɚɬɢɜɧɚɹ ɮɢɥɶɬɪɚɰɢɹ (ɄɎ) [3] — ɦɟɬɨɞ ɪɟɤɨɦɟɧɞɚɰɢɣ, ɞɚɸɳɢɣ 
ɪɟɤɨɦɟɧɞɚɰɢɢ, ɚɧɚɥɢɡɢɪɭɸɳɢɣ ɩɪɨɲɥɵɟ ɞɟɣɫɬɜɢɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫ ɨɛɴɟɤɬɚɦɢ. 
ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɤɚɡɚɧɢɟ ɨɰɟɧɤɢ, ɤɨɬɨɪɭɸ ɩɨɫɬɚɜɢɬ 
ɚɤɬɢɜɧɵɣ ɩɨɥɶɡɨɜɚɬɟɥɶ, ɧɟɨɰɟɧɟɧɧɵɦ ɢɦ ɨɛɴɟɤɬɚɦ. 
Ȼɨɥɶɲɢɧɫɬɜɨ Ɋɋ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɄɎ, ɬɪɟɛɭɸɬ ɨɬ ɩɨɥɶɡɨɜɚɬɟɥɹ ɚɤɬɢɜɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɫɢɫɬɟɦɨɣ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɤɨɦɟɧɞɚɰɢɣ. ɇɚɩɪɢɦɟɪ, ɩɪɟɠɞɟ 
ɱɟɦ ɜɵɞɚɬɶ ɫɩɢɫɨɤ ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɮɢɥɶɦɨɜ, ɫɢɫɬɟɦɟ ɧɭɠɧɨ ɩɨɥɭɱɢɬɶ ɨɰɟɧɤɢ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɧɟɟ ɩɪɨɫɦɨɬɪɟɧɧɵɯ ɮɢɥɶɦɨɜ. 
ɍ ɦɟɬɨɞɨɜ ɄɎ ɬɚɤɠɟ ɟɫɬɶ ɩɪɨɛɥɟɦɵ. ɉɪɨɛɥɟɦɚ ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɚ 
ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɢɯ. ɋɢɫɬɟɦɚ ɧɟ ɦɨɠɟɬ ɫɨɡɞɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɧɨɜɨɝɨ 
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ɩɨɥɶɡɨɜɚɬɟɥɹ, ɤɨɬɨɪɵɣ ɟɳɟ ɧɟ ɨɰɟɧɢɜɚɥ ɨɛɴɟɤɬɵ. Ɍɚɤɠɟ ɫɢɫɬɟɦɚ ɧɟ ɦɨɠɟɬ 
ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɧɨɜɵɣ ɨɛɴɟɤɬ, ɤɨɬɨɪɵɣ ɧɟ ɩɨɥɭɱɢɥ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɨɰɟɧɨɤ ɨɬ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ Ɋɋ, ɤɨɥɢɱɟɫɬɜɨ ɨɰɟɧɨɤ, ɤɨɬɨɪɵɟ ɫɢɫɬɟɦɚ 
ɞɨɥɠɧɚ ɩɪɟɞɫɤɚɡɚɬɶ, ɩɪɟɜɵɲɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɢɡɜɟɫɬɧɵɯ ɨɰɟɧɨɤ. 
Ɉɛɵɱɧɵɟ Ɋɋ ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ, ɪɚɛɨɬɚɸɬ ɜ ɞɜɭɦɟɪɧɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ «ɩɨɥɶɡɨɜɚɬɟɥɶ-ɬɨɜɚɪ». Ɋɋ ɞɟɥɚɸɬ ɪɟɤɨɦɟɧɞɚɰɢɢ, ɨɫɧɨɜɵɜɚɹɫɶ 
ɬɨɥɶɤɨ ɧɚ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɨɥɶɡɨɜɚɬɟɥɹɯ ɢɥɢ ɬɨɜɚɪɚɯ ɢ ɧɟ ɢɫɩɨɥɶɡɭɸɬ 
ɤɨɧɬɟɤɫɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɩɨɦɨɱɶ ɩɪɢ ɫɨɡɞɚɧɢɢ ɪɟɤɨɦɟɧɞɚɰɢɣ. 
Ɋɢɫɭɧɨɤ 1.1 — ɋɯɨɞɫɬɜɚ ɢ ɪɚɡɥɢɱɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ 
ɮɢɥɶɬɪɚɰɢɢ 
ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ. ɂɦɟɟɬɫɹ ɫɩɢɫɨɤ k 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ 
ɢ ɫɩɢɫɨɤ ɩɪɟɞɦɟɬɨɜ n 
. Ʉɚɠɞɵɣ ɩɨɥɶɡɨɜɚɬɟɥɶ 
ɢɦɟɟɬ ɫɩɢɫɨɤ ɩɪɟɞɦɟɬɨɜ ɨɰɟɧɟɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɦ 
. Ⱥɤɬɢɜɧɵɣ ɩɨɥɶɡɨɜɚɬɟɥɶ 
, ɞɥɹ ɞɚɧɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬ ɩɨɢɫɤ ɪɟɤɨɦɟɧɞɚɰɢɣ.  
Ɋɟɤɨɦɟɧɞɚɰɢɟɣ ɧɚɡɵɜɚɟɬɫɹ ɫɩɢɫɨɤ ɢɡ M ɨɛɴɟɤɬɨɜ, 
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, ɤɨɬɨɪɵɟ ɩɨɞɯɨɞɹɬ ɩɨɞ ɢɧɬɟɪɟɫɵ ɚɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ. ɋɩɢɫɨɤ 
ɞɨɥɠɟɧ ɫɨɫɬɨɹɬɶ ɢɡ ɮɢɥɶɦɨɜ, ɤɨɬɨɪɵɟ ɚɤɬɢɜɧɵɣ ɩɨɥɶɡɨɜɚɬɟɥɶ ɪɚɧɟɟ ɧɟ 
ɨɰɟɧɢɜɚɥ 
. 
ɇɚ ɜɯɨɞɟ ɚɥɝɨɪɢɬɦ ɩɪɢɧɢɦɚɟɬ ɦɚɬɪɢɰɭ ɪɚɡɦɟɪɨɜ 
ɩɪɢɦɟɪ ɩɨɤɚɡɚɧ ɧɚ ɬɚɛɥɢɰɟ 1.1. ɗɥɟɦɟɧɬɚɦɢ ɦɚɬɪɢɰɵ ɹɜɥɹɸɬɫɹ 
ɨɰɟɧɤɢ i — ɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɞɥɹ j — ɨɝɨ ɨɛɴɟɤɬɚ. 
 
Ɍɚɛɥɢɰɚ 1.1 — ɉɪɢɦɟɪ ɦɚɬɪɢɰɵ ɨɰɟɧɨɤ 
 Ɉɛɴɟɤɬ 1 Ɉɛɴɟɤɬ 2 Ɉɛɴɟɤɬ 3 … Ɉɛɴɟɤɬ n 
ɋɭɛɴɟɤɬ 1 4 ? 3 …  
ɋɭɛɴɟɤɬ 2 ? 3 5 …  
ɋɭɛɴɟɤɬ 3 3 4 ? …  
… … … … … … 
ɋɭɛɴɟɤɬ k    …  
 
Ⱥɥɝɨɪɢɬɦɵ ɞɥɹ ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ 
ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ [7]: 
1. Ⱥɧɚɦɧɟɫɬɢɱɟɫɤɢɟ (memory-based); 
2. Ɇɨɞɟɥɶɧɵɟ (model-based). 
1.1.2.2 Ⱥɧɚɦɧɟɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 
 
Ⱥɧɚɦɧɟɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ [7],[8],[9] ɩɪɨɝɧɨɡɢɪɭɸɬ ɨɰɟɧɤɢ ɨɛɴɟɤɬɚ ɩɨɥɶɡɨɜɚɬɟɥɟɦ, 
ɢɫɯɨɞɹ ɢɡ ɜɫɟɯ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɨɰɟɧɨɤ, ɫɞɟɥɚɧɧɵɯ ɞɚɧɧɵɦ ɩɨɥɶɡɨɜɚɬɟɥɟɦ, ɬ. ɟ. ɧɟ 
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ɨɰɟɧɟɧɧɵɣ ɪɚɧɟɟ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɨɛɴɟɤɬ ɩɨɥɭɱɚɟɬ ɬɚɤɭɸ ɨɰɟɧɤɭ, ɤɚɤɭɸ ɞɚɥɢ ɟɦɭ ɬɟ 
ɩɨɥɶɡɨɜɚɬɟɥɢ, ɫɯɨɠɢ ɩɨɯɨɠɟ ɨɰɟɧɢɥɢ ɪɚɧɟɟ ɨɰɟɧɟɧɧɵɟ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɨɛɴɟɤɬɵ. ȼ ɨɫɧɨɜɧɨɦ ɜ 
ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɫɯɨɠɟɫɬɶ ɦɟɠɞɭ ɞɜɭɦɹ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ ɨɩɢɪɚɟɬɫɹ ɧɚ ɬɨ, ɤɚɤɢɟ 
ɨɰɟɧɤɢ ɨɧɢ ɞɚɥɢ ɨɞɢɧɚɤɨɜɵ ɬɨɜɚɪɚɦ. 
Ɂɧɚɱɟɧɢɟ ɧɟɢɡɜɟɫɬɧɨɝɨ ɪɟɣɬɢɧɝɚ 
ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ 
ɢ ɨɛɴɟɤɬɚ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɫɭɦɦɚ ɨɰɟɧɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɬɨɜɚɪɨɦ ɨɬ ɞɪɭɝɢɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. 
                                                                                                 (1.1) 
                                                                                 (1.2) 
                                                                   (1.3) 
ɝɞɟ 
– ɧɨɪɦɢɪɭɸɳɢɣ ɦɧɨɠɢɬɟɥɶ; 
– ɫɪɟɞɧɹɹ ɨɰɟɧɤɚ ɩɨɥɶɡɨɜɚɬɟɥɹ. 
ȼ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɤɨɥɥɚɛɨɪɚɬɢɜɧɭɸ ɮɢɥɶɬɪɚɰɢɸ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɩɨɞɯɨɞɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɯɨɞɫɬɜɚ ɦɟɠɞɭ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ. ȼ 
ɨɫɧɨɜɧɨɦ ɫɯɨɞɫɬɜɨ ɦɟɠɞɭ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ ɩɨɥɚɝɚɟɬɫɹ ɧɚ ɬɨ, ɤɚɤɢɟ ɨɰɟɧɤɢ ɨɛɚ ɩɨɥɶɡɨɜɚɬɟɥɹ 
ɞɚɥɢ ɨɞɢɧɚɤɨɜɵɦ ɬɨɜɚɪɚɦ. ɇɚɢɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ ɩɨɥɭɱɢɥɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɦɟɬɨɞ ɢ 
ɦɟɬɨɞ ɥɢɧɟɣɧɨɝɨ ɫɯɨɞɫɬɜɚ. ȼ ɤɨɪɪɟɥɹɰɢɨɧɧɨɦ ɦɟɬɨɞɟ, ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɯɨɞɫɬɜɚ ɢɫɩɨɥɶɡɭɸɬ 
ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ (1.5). 
ɉɪɢ ɩɨɞɯɨɞɟ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬ ɦɟɬɨɞ ɥɢɧɟɣɧɨɝɨ ɫɯɨɞɫɬɜɚ, ɩɨɥɶɡɨɜɚɬɟɥɢ 
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ɢ 
ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɜɟɤɬɨɪɨɜ, ɬɟɩɟɪɶ ɫɯɨɞɫɬɜɨ ɦɟɠɞɭ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɫɫɱɢɬɚɧɨ ɤɚɤ ɤɨɫɢɧɭɫ ɭɝɥɚ ɦɟɠɞɭ ɧɢɦɢ (1.6). 
ɉɪɢ ɮɢɥɶɬɪɚɰɢɹ ɩɨ ɫɯɨɠɟɫɬɢ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɢɞɟɬ ɩɨɢɫɤ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɦɟɠɞɭ ɚɤɬɢɜɧɵɦ ɩɨɥɶɡɨɜɚɬɟɥɟɦ 
ɢ ɞɪɭɝɢɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ. Ⱦɥɹ ɞɚɧɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɦɟɪɚ 
ɫɯɨɞɫɬɜɚ ɫ ɞɪɭɝɢɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦ. Ⱦɚɥɟɟ ɧɚɯɨɞɹɬɫɹ k – ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɞɥɹ 
ɤɨɬɨɪɵɯ ɦɚɤɫɢɦɚɥɶɧɚ ɦɟɪɚ ɫɯɨɞɫɬɜɚ ɫ ɚɤɬɢɜɧɵɦ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. Ɂɧɚɹ 
ɩɪɟɞɩɨɱɬɟɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ ɟɝɨ ɫɨɫɟɞɟɣ, ɫɢɫɬɟɦɚ ɝɟɧɟɪɢɪɭɟɬ ɫɩɢɫɨɤ ɢɡ n 
ɮɢɥɶɦɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɩɨɧɪɚɜɢɬɫɹ ɚɤɬɢɜɧɨɦɭ ɩɨɥɶɡɨɜɚɬɟɥɸ. 
Ⱥɥɝɨɪɢɬɦ ɮɢɥɶɬɪɚɰɢɢ ɩɨ ɫɯɨɠɟɫɬɢ ɩɪɟɞɦɟɬɨɜ [6] ɫɯɨɠ ɫ ɚɥɝɨɪɢɬɦɨɦ 
ɮɢɥɶɬɪɚɰɢɢ ɩɨ ɫɯɨɠɟɫɬɢ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɫɱɟɬɟ 
ɫɯɨɠɟɫɬɢ ɨɛɴɟɤɬɚ, ɨɰɟɧɟɧɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɫ ɞɪɭɝɢɦɢ ɨɛɴɟɤɬɚɦɢ. ɉɥɸɫɨɦ 
ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɟɬɫɹ, ɬɨ ɱɬɨ ɦɚɬɪɢɰɭ ɫɯɨɠɟɫɬɢ ɨɛɴɟɤɬɨɜ ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɚɬɶ ɜ ɨɮɮɥɚɣɧ ɪɟɠɢɦɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɛɵɫɬɪɟɟ ɩɨɥɭɱɢɬɶ 
ɪɟɤɨɦɟɧɞɚɰɢɸ. Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ, ɤɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɩɪɟɜɨɫɯɨɞɢɬ ɤɨɥɢɱɟɫɬɜɨ ɨɛɴɟɤɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɪɟɫɭɪɫɟ. 
1.1.2.2.1 Ɇɟɬɪɢɤɢ 
 
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɫɯɨɞɫɬɜɚ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢɥɢ ɨɛɴɟɤɬɨɜ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɦɟɬɪɢɤɢ: 
1. ȿɜɤɥɢɞɨɜɚ ɦɟɬɪɢɤɚ; 
                                                                                                     (1.4) 
2. ɤɨɪɪɟɥɹɰɢɹ ɉɢɪɫɨɧɚ; 
                                                              (1.5) 
3. ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɯɨɞɫɬɜɚ ɀɚɤɤɚɪɚ; 
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              (1.6) 
4. ɤɨɫɢɧɭɫɧɚɹ ɦɟɪɚ ɫɯɨɞɫɬɜɚ. 
                                             (1.7) 
 
1.1.2.3 Ɇɨɞɟɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 
 
Ɇɨɞɟɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ [10,11,12,13] ɜ ɨɬɥɢɱɢɢ ɨɬ ɚɧɚɦɧɟɫɬɢɱɟɫɤɢɯ 
ɦɟɬɨɞɨɜ, ɩɪɨɝɧɨɡɢɪɭɸɬ ɨɰɟɧɤɢ ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɧɟɤɨɬɨɪɨɣ ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ. 
ɇɚɩɪɢɦɟɪ, ɜ [11] ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɩɨɞɯɨɞ, ɝɞɟ ɧɟɢɡɜɟɫɬɧɵɟ 
ɨɰɟɧɤɢ ɩɪɨɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1.8). 
                                                            (1.8) 
Ⱦɟɥɚɟɬɫɹ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɨɰɟɧɨɤ — ɷɬɨ ɰɟɥɵɟ ɱɢɫɥɚ ɨɬ 0 ɞɨ 
ɢ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɜɵɪɚɠɟɧɢɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɥɶɡɨɜɚɬɟɥɶ u ɞɚɫɬ ɨɰɟɧɤɭ ɬɨɜɚɪɭ I 
ɢɫɯɨɞɹ ɢɡ ɟɝɨ ɩɪɨɲɥɵɯ ɨɰɟɧɨɤ. Ⱦɥɹ ɨɰɟɧɤɢ ɜɟɪɨɹɬɧɨɫɬɢ, ɜ [11] ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɜɟ 
ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɦɨɞɟɥɢ: ɤɥɚɫɬɟɪɧɵɟ ɦɨɞɟɥɢ ɢ Ȼɚɣɟɫɨɜɵ ɫɟɬɢ. ȼ ɩɟɪɜɨɣ ɦɨɞɟɥɢ 
ɩɨɯɨɠɢɟ ɩɨɥɶɡɨɜɚɬɟɥɢ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɤɥɚɫɬɟɪɵ. ɂɫɯɨɞɹ ɢɡ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 
ɩɨɥɶɡɨɜɚɬɟɥɹ ɤ ɤɥɚɫɬɟɪɭ, ɨɰɟɧɤɢ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫɱɢɬɚɸɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ. 
ȼɬɨɪɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɤɚɠɞɵɣ ɨɛɴɟɤɬ ɤɚɤ ɨɞɢɧ ɢɡ ɭɡɥɨɜ Ȼɚɣɟɫɨɜɨɣ 
ɫɟɬɢ, ɝɞɟ ɩɨɥɨɠɟɧɢɟ ɭɡɥɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɝɧɨɡɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɟ ɨɰɟɧɤɢ 
ɨɛɴɟɤɬɚ. 
 ɫɨɡɞɚɧɧɨɣ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, ɢɫɩɨɥɶɡɭɹ, ɤɥɚɫɬɟɪɵ, 
Ȼɚɣɟɫɨɜɫɤɢɟ ɫɟɬɢ. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɨɣ 
ɫɢɫɬɟɦɵ ɩɪɢ ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɞɚɧɧɵɯ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ 
ɪɚɡɪɟɠɟɧɧɨɫɬɢ ɩɪɢ ɩɨɢɫɤɟ ɫɯɨɠɢɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɟɞɟɧɢɹ 
ɢɯ ɩɪɨɮɢɥɟɣ ɢ ɧɚɯɨɞɢɬɶ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫɨ ɫɯɨɠɢɦɢ ɩɪɨɮɢɥɹɦɢ. 
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1.1.2.3.1 ɋɢɧɝɭɥɹɪɧɨɟ ɪɚɡɥɨɠɟɧɢɟ 
 
ɋɢɧɝɭɥɹɪɧɨɟ ɪɚɡɥɨɠɟɧɢɟ (Singular Values Decomposition, SVD) ɹɜɥɹɟɬɫɹ 
ɭɞɨɛɧɵɦ ɦɟɬɨɞɨɦ ɞɥɹ ɪɚɛɨɬɵ ɫ ɦɚɬɪɢɰɚɦɢ. ɋɢɧɝɭɥɹɪɧɨɟ ɪɚɡɥɨɠɟɧɢɟ 
ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɪɟɲɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ — ɩɪɢɛɥɢɠɟɧɢɟ ɦɟɬɨɞɨɦ 
ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, ɪɟɲɟɧɢɟ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ ɢ ɬ.ɞ. ɂɫɩɨɥɶɡɭɸɬ 
ɪɚɡɥɢɱɧɵɟ ɫɜɨɣɫɬɜɚ ɞɚɧɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɤɚɡɵɜɚɬɶ 
ɪɚɧɝ ɦɚɬɪɢɰɵ ɢ ɩɪɢɛɥɢɠɟɧɢɟ ɦɚɬɪɢɰɵ ɞɚɧɧɨɝɨ ɪɚɧɝɚ. 
ȼ ɬɟɨɪɟɦɟ ɨ ɫɢɧɝɭɥɹɪɧɨɦ ɪɚɡɥɨɠɟɧɢɢ (SVD) [2] ɭɬɜɟɪɠɞɚɟɬɫɹ, ɱɬɨ ɭ 
ɦɚɬɪɢɰɵ ɪɚɡɦɟɪɚ 
ɫɭɳɟɫɬɜɭɟɬ ɪɚɡɥɨɠɟɧɢɟ ɜ ɩɪɨɢɡɜɟɞɟɧɢɟ ɬɪɟɯ ɦɚɬɪɢɰ ɮɨɪɦɭɥɚ (1.9). 
                                                                                                         (1.9) 
,ɝɞɟ ɦɚɬɪɢɰɵ 
ɢ
ɨɪɬɨɝɨɧɚɥɶɧɵɟ, ɚ 
- ɞɢɚɝɨɧɚɥɶɧɚɹ. 
ɍɫɟɱɟɧɧɨɟ ɪɚɡɥɨɠɟɧɢɟ ɦɚɬɪɢɰɵ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. ɉɭɫɬɶ ɢɫɯɨɞɧɚɹ 
ɦɚɬɪɢɰɚ 
ɩɪɟɞɫɬɚɜɥɟɧɧɚ ɜ ɜɢɞɟ 
Ɍɨɝɞɚ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɨɛɪɚɬɧɨɣ ɦɚɬɪɢɰɵ 
ɢɡ-ɡɚ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɦɚɬɪɢɰɵ U ɢ V: 
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ɢ ɜ ɭɫɥɨɜɢɹ ɭɛɵɜɚɧɢɹ ɞɢɚɝɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ 
Ȼɭɞɟɦ ɫɱɢɬɚɬɶ ɩɟɪɜɵɟ r ɫɢɧɝɭɥɹɪɧɵɯ ɱɢɫɟɥ ɦɚɬɪɢɰɵ D ɨɩɪɟɞɟɥɹɸɳɢɦɢ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɚɬɪɢɰɵ D. Ɍɨɝɞɚ ɪɚɡɥɨɠɟɧɢɟ ɦɚɬɪɢɰɵ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ ɪɢɫɭɧɨɤ 
1.2. 
Ɋɢɫɭɧɨɤ 1.2 — ɍɫɟɱɟɧɧɨɟ ɫɢɧɝɭɥɹɪɧɨɟ ɪɚɡɥɨɠɟɧɢɟ 
1.4 Ɂɧɚɱɟɧɢɟ ɤɚɱɟɫɬɜɚ ɪɟɤɨɦɟɧɞɚɰɢɣ 
 
Ɉɞɧɨɣ ɢɡ ɫɬɚɧɞɚɪɬɧɵɯ ɦɟɬɪɢɤ ɞɥɹ ɩɪɟɞɫɤɚɡɚɧɢɹ ɨɰɟɧɤɢ ɜ 
ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɹɜɥɹɟɬɫɹ ɦɟɬɪɢɤɚ RMSE, ɞɚɧɧɚɹ ɦɟɬɪɢɤɚ 
ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1.10). 
                                                                             (1.10) 
ɝɞɟ
- ɩɪɟɞɫɤɚɡɚɧɧɚɹ ɨɰɟɧɤɚ; 
— ɩɨɥɶɡɨɜɚɬɟɥɶ; 
— ɨɛɴɟɤɬ; 
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— ɨɰɟɧɤɚ 
— ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɫɬɨɜɵɯ ɨɰɟɧɨɤ. 
 
15 
2 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
2.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
Ɉɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɩɪɨɮɢɥɢ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. 
Ɍɪɟɛɭɟɬɫɹ ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɩɨɡɜɨɥɹɸɳɟɟ ɩɨɥɭɱɚɬɶ 
ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɸ, ɩɨɥɭɱɚɹ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
ɢɧɮɨɪɦɚɰɢɸ, ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬɫɹ ɜ ɩɪɨɮɢɥɟ ɩɨɥɶɡɨɜɚɬɟɥɹ. 
ɋɛɨɪ ɢɧɮɨɪɦɚɰɢɢ ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ 
ɢɧɬɟɪɮɟɣɫɚ ɩɪɢɥɨɠɟɧɢɹ. Ⱦɚɧɧɵɟ ɨ ɩɨɥɶɡɨɜɚɬɟɥɟ ɡɚɧɨɫɢɥɢɫɶ ɜ ɛɚɡɭ ɞɚɧɧɵɯ. Ⱦɥɹ 
ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɪɢɥɨɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɚɧɧɵɟ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ ɮɢɥɶɦɨɜ 
ɜɡɹɬɵɟ ɫ ɫɚɣɬɚ https://grouplens.org/datasets/movielens/100k/ ɫɨɞɟɪɠɚɳɢɟ: 
1. 943 ɩɨɥɶɡɨɜɚɬɟɥɹ; 
2. 1682 ɮɢɥɶɦɚ; 
3. 90000 ɨɰɟɧɨɤ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɤ ɮɢɥɶɦɚɦ. 
ɉɨɫɥɟ ɞɚɧɧɵɟ ɛɵɥɢ ɨɛɪɚɛɨɬɚɧɵ ɫ ɩɨɦɨɳɶɸ, ɦɨɞɭɥɹ, ɧɚɩɢɫɚɧɧɨɝɨ ɧɚ 
ɹɡɵɤɟ Ruby ɢ ɡɚɧɟɫɟɧɵ ɜ ɛɚɡɭ ɞɚɧɧɵɯ. Ⱥɪɯɢɬɟɤɬɭɪɚ ɛɚɡɵ ɞɚɧɧɵɯ ɢɡɨɛɪɚɠɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 2.1 
Ɋɢɫɭɧɨɤ 2.1 — Ⱥɪɯɢɬɟɤɬɭɪɚ ɛɚɡɵ ɞɚɧɧɵɯ 
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2.2 Ⱥɧɚɥɨɝɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ 
 
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ ɧɟ ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɨɣ 
ɪɚɡɪɚɛɨɬɤɨɣ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɚɧɚɥɨɝɨɜ. ɇɨ 
ɤɚɠɞɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ ɫɨɡɞɚɟɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɡɚɞɚɱ. ɉɨɱɬɢ ɧɟɜɨɡɦɨɠɧɨ ɧɚɣɬɢ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ 
ɩɪɨɞɭɤɬ, ɤɨɬɨɪɵɣ ɪɟɲɚɥ ɛɵ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɡɚɞɚɱɢ. Ȼɥɢɠɚɣɲɢɦ ɚɧɚɥɨɝɨɦ 
ɞɚɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɹɜɥɹɟɬɫɹ ɫɚɣɬ «Ʉɢɧɨɩɨɢɫɤ» ɞɚɧɧɵɣ ɫɚɣɬ ɩɪɟɞɨɫɬɚɜɥɹɟɬ 
ɩɨɥɶɡɨɜɚɬɟɥɸ ɫɩɢɫɨɤ ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɮɢɥɶɦɨɜ, ɧɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɤɨɦɟɧɞɚɰɢɣ 
ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɨɤɨɥɨ 40 ɮɢɥɶɦɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɨɥɭɱɢɬɶ ɪɟɤɨɦɟɧɞɚɰɢɸ ɫɪɚɡɭ ɩɨɫɥɟ ɪɟɝɢɫɬɪɚɰɢɢ. 
Ɍɚɤɠɟ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ ɩɨɤɚɡɵɜɚɸɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɪɟɞɫɤɚɡɚɧɧɭɸ ɨɰɟɧɤɢ 
ɤ ɪɟɤɨɦɟɧɞɭɟɦɵɦ ɮɢɥɶɦɚɦ. 
2.3 Ɋɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɚ 
 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ "ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɚ" ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɛɵɥɨ 
ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ, ɫɬɪɨɢɬɶ ɞɟɦɨɝɪɚɮɢɱɟɫɤɢɟ ɤɚɬɟɝɨɪɢɢ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɚɧɧɵɯ 
ɤɚɬɟɝɨɪɢɣ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɤɥɚɫɬɟɪɢɡɚɰɢɹ. Ɉɛɴɟɤɬɚɦɢ ɞɚɧɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
ɹɜɥɹɥɢɫɶ ɩɨɥɶɡɨɜɚɬɟɥɢ x. ɉɪɢɡɧɚɤɚɦɢ ɨɛɴɟɤɬɨɜ ɹɜɥɹɸɬɫɹ - ɩɨɥ ɢ ɜɨɡɪɚɫɬ. Ⱦɥɹ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ  k-ɫɪɟɞɧɢɯ. ɇɚ ɪɢɫɭɧɤɟ Ⱥ.1 ɢɡɨɛɪɚɠɟɧɚ 
ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɩɨ ɞɟɦɨɝɪɚɮɢɱɟɫɤɨɦɭ ɩɚɪɚɦɟɬɪɭ. ɉɨɫɥɟ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɪɢ 
ɪɟɝɢɫɬɪɚɰɢɢ ɧɨɜɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɦɵ ɭɠɟ ɡɧɚɟɦ ɤ ɤɚɤɨɦɭ ɤɥɚɫɬɟɪɭ ɟɝɨ ɨɬɧɟɫɬɢ, 
ɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɪɟɤɨɦɟɧɞɚɰɢɣ ɞɥɹ ɞɚɧɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɫɢɫɬɟɦɚ ɩɨɞɛɢɪɚɟɬ 
ɩɨɥɶɡɨɜɚɬɟɥɸ ɫɩɢɫɨɤ ɮɢɥɶɦɨɜ, ɤɨɬɨɪɵɟ ɯɨɪɨɲɨ ɨɰɟɧɟɧɵ ɛɨɥɶɲɢɧɫɬɜɨɦ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɜ ɟɝɨ ɞɟɦɨɝɪɚɮɢɱɟɫɤɨɣ ɤɚɬɟɝɨɪɢɢ. 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɚ ɞɥɹ ɨɛɴɟɤɬɨɜ ɛɵɥɨ ɪɟɲɟɧɨ 
ɜɵɜɨɞɢɬɶ ɧɨɜɢɧɤɢ ɜ ɨɬɞɟɥɶɧɨɣ ɜɤɥɚɞɤɟ, ɝɞɟ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɢɯ ɭɜɢɞɟɬɶ 
ɪɢɫɭɧɨɤ 2.2. 
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Ɋɢɫɭɧɨɤ 2.2 — ɋɩɢɫɨɤ ɧɨɜɵɯ ɮɢɥɶɦɨɜ. 
2.4 Ɋɚɛɨɬɵ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɫɢɫɬɟɦɨɣ 
 
Ɉɛɳɟɧɢɟ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɫɢɫɬɟɦɨɣ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɪɟɤɨɦɟɧɞɚɰɢɣ ɨɬ 
ɫɢɫɬɟɦɵ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɞɨɥɠɟɧ ɩɪɨɢɡɜɟɫɬɢ ɧɟɫɤɨɥɶɤɨ ɞɟɣɫɬɜɢɣ: 
1. ɉɪɨɢɡɜɟɫɬɢ ɪɟɝɢɫɬɪɚɰɢɸ/ɜɯɨɞ ɜ ɩɪɢɥɨɠɟɧɢɟ ɪɢɫɭɧɨɤ 2.3; 
2. Ɂɚɩɨɥɧɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɟɛɟ ɜ ɩɪɨɮɢɥɟ ɪɢɫɭɧɨɤ 2.4; 
3. Ɉɰɟɧɢɬɶ ɮɢɥɶɦɵ (ɪɢɫɭɧɨɤ Ȼ.1). ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɩɨɥɶɡɨɜɚɬɟɥɶ ɫɞɟɥɚɟɬ 
ɪɚɧɟɟ ɨɩɢɫɚɧɧɵɟ ɞɟɣɫɬɜɢɹ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɫɦɨɠɟɬ ɩɨɥɭɱɢɬɶ 
ɩɟɪɫɨɧɚɥɢɡɢɪɨɜɚɧɧɭɸ ɪɟɤɨɦɟɧɞɚɰɢɸ ɪɢɫɭɧɨɤ Ȼ.2. 
18 
Ɋɢɫɭɧɨɤ 2.3 — Ɉɤɧɨ ɪɟɝɢɫɬɪɚɰɢɢ/ɜɯɨɞɚ ɜ ɩɪɢɥɨɠɟɧɢɟ 
ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɩɪɨɞɨɥɠɢɬɶ 
ɨɰɟɧɢɜɚɧɢɟ ɩɪɨɫɦɨɬɪɟɧɧɵɯ ɮɢɥɶɦɨɜ, ɢ ɩɨɥɭɱɢɬɶ ɧɨɜɵɣ ɫɩɢɫɨɤ ɪɟɤɨɦɟɧɞɭɟɦɵɯ 
ɮɢɥɶɦɨɜ. 
Ɋɢɫɭɧɨɤ 2.4 — Ɉɤɧɨ ɡɚɩɨɥɧɟɧɢɹ ɞɚɧɧɵɯ ɩɪɨɮɢɥɹ 
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3 Ⱥɩɪɨɛɚɰɢɹ ɩɪɨɝɪɚɦɦɵ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
3.1 Ⱥɩɪɨɛɚɰɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ 
 
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɚɧɧɵɟ ɢɡ ɛɚɡɵ 
ɞɚɧɧɵɯ, ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɨɰɟɧɤɢ ɢ ɢɫɬɢɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. 
ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɚɛɥɢɰɚ, ɫ ɢɫɬɢɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɪɟɣɬɢɧɝɚ ɮɢɥɶɦɚ 
ɢ ɨɰɟɧɤɢ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɨɲɢɛɤɢ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɮɨɪɦɭɥɚ (1.10), ɡɧɚɱɟɧɢɹ 
ɨɲɢɛɤɢ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɬɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 
Ɍɚɛɥɢɰɚ 3.1 — ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɇɨɦɟɪ ɂɫɬɢɧɧɨɟ 
ɡɧɚɱɟɧɢɟ ɪɟɣɬɢɧɝɚ 
Ɂɧɚɱɟɧɢɟ 
ɪɚɫɫɱɢɬɚɧɧɨɟ ɫ 
ɩɨɦɨɳɶɸ 
ɫɯɨɠɟɫɬɢ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ 
Ɂɧɚɱɟɧɢɟ 
ɪɚɫɫɱɢɬɚɧɧɨɟ ɫ 
ɩɨɦɨɳɶɸ 
ɫɯɨɠɟɫɬɢ ɨɛɴɟɤɬɨɜ 
Ɂɧɚɱɟɧɢɟ 
ɪɚɫɫɱɢɬɚɧɧɨɟ ɫ 
ɩɨɦɨɳɶɸ SVD 
1 4 3.3251 2.9359 3.2350 
2 4 3.1836 3.5574 3.2932 
3 4 3.9961 3.4377 4.0204 
4 3 3.5522 3.6829 3.4786 
5 2 2.7479 3.1400 2.6956 
6 4 3.5315 3.2804 3.5256 
7 5 4.3563 3.5015 4.4260 
8 3 4.3246 3.5192 4.4586 
9 5 3.9608 3.7394 3.8630 
10 4 3.9984 3.7935 3.9564 
11 4 3.5429 3.4345 3.6201 
12 5 4.5460 3.1816 4.4797 
13 5 4.6296 3.7180 4.7589 
14 3 3.0649 3.0012 2.8847 
15 3 3.1930 2.8413 3.2016 
16 3 3.1237 3.2960 3.1343 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.1 
20 
17 4 3.6726 3.5983 3.7605 
18 4 3.9899 3.6715 4.0212 
19 3 3.1094 3.4107 3.0970 
20 1 2.5040 3.3802 2.5634 
Ɂɧɚɱɟɧɢɟ ɨɲɢɛɤɢ RMSE 1.01 1.07 0.96 
 
ɇɚ ɪɢɫɭɧɤɟ 3.1 ɩɪɟɞɫɬɚɜɥɟɧɨ ɝɪɚɮɢɱɟɫɤɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɫɪɚɜɧɟɧɢɹ 
ɨɛɴɟɤɬɚ ɢ ɡɧɚɱɟɧɢɹ ɨɰɟɧɨɤ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ. 
Ɋɢɫɭɧɨɤ 3.1 — ɋɪɚɜɧɟɧɢɟ ɨɛɴɟɤɬɚ ɢ ɨɰɟɧɨɤ 
21 
ɁȺɄɅɘɑȿɇɂȿ 
ȼ ɪɚɛɨɬɟ ɨɩɢɫɚɧɚ ɪɟɚɥɢɡɚɰɢɢ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɮɢɥɶɦɨɜ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɢɡ ɫɟɛɹ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɟ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɪɟɤɨɦɟɧɞɚɰɢɣ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɩɨɱɬɟɧɢɣ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ ɟɝɨ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ 
ɨɰɟɧɤɚɯ ɮɢɥɶɦɨɜ, ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɩɪɟɞɨɫɬɚɜɢɬɶ ɚɤɬɢɜɧɨɦɭ ɩɨɥɶɡɨɜɚɬɟɥɸ, 
ɩɟɪɫɨɧɚɥɢɡɢɪɨɜɚɧɧɨɟ ɩɪɟɞɥɨɠɟɧɢɟ, ɤɨɬɨɪɵɟ ɧɚɢɛɨɥɟɟ ɩɨɯɨɠɟ ɤ ɟɝɨ ɢɧɬɟɪɟɫɚɦ. 
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Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɞɚɧɧɵɯ. 
 
Ɋɢɫɭɧɨɤ Ⱥ.1 — Ⱦɟɦɨɝɪɚɮɢɱɟɫɤɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɞɚɧɧɵɯ. 
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Ɋɢɫɭɧɨɤ Ȼ.1 — Ɉɤɧɨ ɨɰɟɧɢɜɚɧɢɹ ɮɢɥɶɦɨɜ. 
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Ɋɢɫɭɧɨɤ Ȼ.2 — ɋɩɢɫɨɤ ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ɮɢɥɶɦɨɜ. 

